SEMICONDUCTOR MODULE AND PRODUCING METHOD THEREFOR 



Background of the Invention and Related Art Statement 

The present invention relates to a 
semiconductor module and producing method therefor. 

In a prior art semiconductor module, an 
electrically conductive layer, an electrically 
insulating layer and an electric element connected 
electrically to the electrically insulating layer are 
mounted on a rigid (great thickness) substrate. 

Object and Summary of the Invention 

An object of the present invention is to 
provide a semiconductor module whose thickness is 
minimized while effectively shielding the semiconductor 
module from a magnetic and/or electric noise, and a 
producing method therefor. 

According to the present invention, a 
semiconductor module comprises, at least one electric 
element including a semiconductor chip, an electrically 
conductive layer connected electrically to the electric 
element, an electrically conductive joint arranged 
between the electric element and the electrically 
conductive layer to connect electrically the electric 
element and the electrically conductive layer to each 
other, a molding resin covering at least partially the 
electric element and the electrically conductive joint. 



and an electrically insulating layer contacting at 
least partially the electrically conductive layer. 

Since the electric element is supported on 
the electrically conductive layer and electrically 
5 insulating layer without a great thickness substrate, a 
thickness of the semiconductor module can be minimized. 

If the electrically conductive layer includes 
a front surface and a reverse surface opposite to each 
other in a thickness direction of the electrically 

10 conductive layer, the front surface faces to the 

electric element (any intermediate member, for example, 
another electrically conductive layer, the electrically 
insulating layer, the molding resin, the electrically 
conductive joint or the like may be arranged between 

15 the front surface and the electric element so that the 
front surface faces to the electric element there- 
through) , the reverse surface is prevented from facing 
to the electric element, and a Nickel concentration at 
the reverse surface is higher than a Nickel concen- 

20 tration at the front surface, the electric element can 
be effectively shielded from a magnetic noise by the 
reverse surface of high Nickel concentration while a 
diffusion of Nickel from the electrically conductive 
layer to the electrically conductive joint is 

25 restrained. 

If the electrically conductive layer includes 
a first layer of Nickel-base metal, and a second layer 
of Copper-base metal extends at least partially between 



the first layer and the electric element while being 
joined with the first layer, the electric element can 
be effectively shielded from a magnetic noise by the 
first layer while a diffusion of Nickel from the 
electrically conductive layer to the electrically 
conductive joint is restrained. When the electrically 
insulating layer is juxtaposed with a part of the 
second layer in a direction perpendicular to a 
thickness direction of the electrically conductive 
layer so that surfaces of the electrically insulating 
layer and the part of the second layer both prevented 
from facing to the electric element extend along a 
common flat face, the first layer can extend on the 
common flat face. When the first layer extends on the 
surface of the electrically insulating layer along the 
common flat face, the first layer for effectively 
shielding the electric element can extend over both the 
second layer and the electrically insulating layer. 
When a surface of the first layer prevented from facing 
to the electric element extends between the electric 
element and a surface of the electrically insulating 
layer prevented from facing to the electric element in 
a thickness direction of the electrically conductive 
layer, the surface of the first layer is securely 
protected by the surface of the electrically insulating 
layer. It is preferable for the semiconductor module 
to have a solder contacting a surface of the first 
layer prevented from facing to the electric element so 



that the surface of the first layer is protected by the 
solder. 

If a film of Nickel-base metal extending on a 
surface of the electrically insulating layer prevented 
from facing to the electric element, the electric 
element can be effectively shielded from the magnetic 
noise by the film of Nickel-base metal while a 
diffusion of Nickel to the electrically conductive 
joint is restrained. 

A metallic film electrically connected to the 
electrically conductive layer and/or magnetically 
permeable may extend on a surface of the electrically 
insulating layer prevented from facing to the electric 
element. The semiconductor module may comprises a 
plurality of the electric elements including the 
semiconductor chip and at least one of transistor, 
diode, electric resistance, inductor, capacitor, 
crystal-oscillator, filter, balun, antenna, a circuit 
module and an interface connector. 

According to the present invention, a method 
for producing a semiconductor module, comprising the 
steps of: preparing a substrate including a metallic 
surface plated with Nickel-base metal to form a Nickel- 
base metal film on the metallic surface, forming an 
electrically insulating layer and an electrically 
conductive layer on the Nickel-base metal film, 
connecting electrically the electrically conductive 
layer to an electric element through an electrically 



conductive joint arranged between the electric element 
and the electrically conductive layer, covering at 
least a part of the electric element and at least a 
part of the electrically conductive joint with a 
5 molding resin, and subsequently, removing the Nickel- 
base metal film from the metallic surface so that a 
combination of the Nickel-base metal film, the 
electrically insulating layer, the electrically 
conductive layer, the electrically conductive joint 
10 and the molding resin is separated from the metallic 
surface . 

Since the metallic surface is plated with 
Nickel-base (Nickel or Nickel base alloy) metal, the 
combination of the Nickel-base metal film, the elec- 

15 trically insulating layer, the electrically conductive 
layer, the electrically conductive joint and the 
molding resin can be easily and securely separated from 
the metallic surface at a boundary between the Nickel- 
base metal and the metallic surface. 

20 In the step of forming the electrically 

insulating layer and the electrically conductive layer, 
it is preferable for easily forming a desired pattern 
of the electrically conductive layer that the elec- 
trically insulating layer is formed on a part of 

25 the Nickel-base metal film before the electrically 
conductive layer is formed on the Nickel-base metal 
film, and subsequently, another part of the Nickel-base 
metal film on which another part the electrically 
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insulating layer is prevented from being arranged is 
plated with an electrically conductive material to form 
the electrically conductive layer on the Nickel-base 
metal film while the Nickel-base metal film is 
5 electrically energized to plate the Nickel-base metal 
film with the electrically conductive material. 

In the step of forming the electrically 
insulating layer and the electrically conductive layer, 
it is preferable for easily forming a desired pattern 
10 of the electrically conductive layer extending on the 
electrically insulating layer that the electrically 
insulating layer is formed on a part of the Nickel-base 
metal film before the electrically conductive layer is 
formed on the Nickel-base metal film, a metallic film 
15 (of, for example, Copper-Chrome-base-alloy , Copper, 

Copper-base-alloy or the like) is formed by sputtering 
on the electrically insulating layer and another part 
of the Nickel-base metal film on which another part the 
electrically insulating layer is prevented from being 
20 arranged, and the metallic film is plated with an 
electrically conductive material to form the elec- 
trically conductive layer on the metallic film while 
the metallic film is electrically energized to plate 
the metallic film with the electrically conductive 
25 material. 

It is preferable for easy and secure removal 
of the Nickel-base metal from the metallic surface that 
a thickness of the Nickel-base metal film is 5-20 iim. 



It is preferable for protecting the Nickel- 
base metal film that another electrically insulating 
layer is formed on at least a part of a surface of the 
Nickel-base metal film after the surface of the Nickel- 
base metal film is exposed by removing the metallic 
surface from the surface of the Nickel-base metal film. 

It is preferable for forming a desired 
pattern of the Nickel-base metal film that at least a 
part of the Nickel-base metal film is removed from the 
combination after the surface of the Nickel-base metal 
film is exposed by removing the metallic surface from 
the surface of the Nickel-base metal film. If another 
part of the Nickel-base metal film remains on a part of 
the electrically conductive layer and is electrically 
connected to the part of the electrically conductive 
layer while the another part of the Nickel-base metal 
film extends onto a part of the electrically insulating 
layer, after removing the part of the Nickel-base metal 
film from the combination, the Nickel-base metal film 
protects a boundary between the electrically conductive 
layer and the electrically insulating layer. 

It is preferable for securely protecting the 
surface of the Nickel-base metal film that a solder is 
heated to be melt and subsequently cooled to be cured 
on at least a part of the Nickel-base metal film to fix 
the solder to the at least a part of the Nickel-base 
metal film after the surface of the Nickel-base metal 
film is exposed by removing the metallic from the 
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surface of the Nickel-base metal film. 

It is preferable for easily and securely 
separating the Nickel-base metal film from the metallic 
surface while easily forming the Nickel-base metal film 
5 of sufficient thickness that the metallic surface is a 
stainless steel surface. 

It is preferable for preventing powder of the 
Nickel-base metal film from being scattered that a part 
of at least one of the electrically insulating layer 
10 and the electrically conductive layer is removed along 
a line on which the Nickel-base metal film is prevented 
from being arranged, after the Nickel-base metal film 
is removed from the metallic surface. 

Brief Description of the Drawings 
IS Fig. 1 is a cross sectional view showing a 

first embodiment of semiconductor module of the 
invention . 

Fig. 2 is a cross sectional view showing a 
second embodiment of semiconductor module of the 
20 invention. 

Fig. 3 is a cross sectional view showing a 
third embodiment of semiconductor module of the 
invention. 

Fig. 4 is a cross sectional view showing a 
25 fourth embodiment of semiconductor module of the 
invention . 

Fig. 5a is a front view showing a fifth 
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embodiment of semiconductor module of the invention. 
Fig. 5b is a reverse view showing a fifth 
embodiment of semiconductor module of the invention. 

Fig. 5c is a cross sectional schematic view 
5 showing a fifth embodiment of semiconductor module of 
the invention. 

Fig. 6a is a front view showing a sixth 
embodiment of semiconductor module of the invention. 

Fig. 6b is a cross sectional schematic view 
10 showing the sixth embodiment of semiconductor module of 
the invention. 

Fig. 7a is a front view showing a seventh 
embodiment of semiconductor module of the invention. 

Fig. 7b is a cross sectional schematic view 
15 showing the seventh embodiment of semiconductor module 
of the invention. 

Fig. 8a is a front view showing an eighth 
embodiment of semiconductor module of the invention. 

Fig. 8b is a cross sectional schematic view 
20 showing the eighth embodiment of semiconductor module 
of the invention. 

Fig. 9 is a cross sectional schematic view 
showing a ninth embodiment of semiconductor module of 
the invention. 
25 Fig. 10a is a front view showing a tenth 

embodiment of semiconductor module of the invention. 

Fig. 10b is a cross sectional schematic view 
showing the tenth embodiment of semiconductor module of 



the invention. 

Fig. 11 is a cross sectional schematic view 
showing an eleventh embodiment of semiconductor module 
of the invention. 
5 Figs. 12a-12e are schematic reverse views of 

modified eleventh embodiments of semiconductor module 
of the invention. 

Fig. 13 includes schematic side views showing 
a manufacturing proceeding of a semiconductor module 
10 producing method of the invention. 

Fig. 14 includes schematic side views showing 
a manufacturing proceeding of a semiconductor module 
producing method of the invention. 

Fig. 15 is a table showing a relationship 
15 among a nickel plating thickness, a crack of nickel 
plating, and a curvature of a stainless steel. 

Fig. 16 is a schematic view showing a nickel 
plating on a temporary substrate. 

Fig. 17 includes schematic side views showing 
20 a manufacturing proceeding of a semiconductor module 
producing method of the invention. 

Fig. 18 includes schematic side views showing 
a manufacturing proceeding of a semiconductor module 
producing method of the invention. 
25 Fig. 19 includes schematic side views showing 

a manufacturing proceeding of a semiconductor module 
producing method of the invention. 



Detailed Description of Preferred Embodiments 
(first embodiment of semiconductor module) 

A semiconductor module lA has, as shown in 
Fig. 1, a first electrically conductive (metallic) 
5 layer 1, a first electrically insulating layer 2, a 
second electrically conductive (metallic) layer 3, an 
electrically conductive connection 3a connecting 
electrically the first and second electrically 
conductive layers 1 and 3 to each other, a second 

10 electrically insulating layer 4, a semiconductor (IC or 
LSI) chip 5, an electrical circuit element 6, a first 
electrically conductive joint 7 connecting electrically 
the' second electrically conductive layer 3 and semi- 
conductor chip 5 to each other, a second electrically 

15 conductive joint 8 connecting electrically the second 
electrically conductive layer 3 and electrical circuit 
element 6 to each other, a monolithically extending 
molding resin 9 covering the semiconductor chip 5, 
electrical circuit element 6, first electrically 

20 conductive joint 7 and second electrically conductive 
joint 8 to be hermetically sealed, a Nickel (or 
metallic) layer 10 extending on a part of a surface of 
the first electrically conductive layer 1, a resin 
protecting layer 11 covering a region of the surface of 

25 the first electrically conductive layer 1 other than 
the part of the surface of the first electrically 
conductive layer 1, and exterior terminals 12 
(preferably formed of solder) contacting the Nickel 



layer 10 for correctly forming the exterior terminals 
12 thereon. The semiconductor module lA is connected 
to an electrical device (for example, a printed wiring 
board) through the exterior terminals 12. 
5 The first and second electrically conductive 

layers 1 and 3 and the electrically conductive con- 
nection 3a are formed by electroplating with copper or 
copper alloy, for example, Copper-Nickel type alloy or 
Copper-Nickel-Silver type alloy preferable for anti- 

10 corrosion and/or adhesion characteristic. The 

electrically conductive connection 3a extends through a 
first opening 2a of the first electrically insulating 
layer 2 to connect electrically the first and second 
electrically conductive layers 1 and 3 to each other. 

15 The first and second electrically conductive joints 7 
and 8 extend though the second openings 4a of the 
second electrically insulating layer 4 to connect 
electrically the second electrically conductive layer 3 
to the semiconductor chip 5 and electrical circuit 

2 0 element 6. 

The first and second electrically insulating 
layers 2 and 4 and the resin protecting layer 11 are 
formed of an electrically insulating resin, for 
example, a photosensitive electrically insulating 
25 resin. 

The semiconductor chip 5 may have a thickness 
decreased by a mechanical grinding and/or chemical 
polishing on a silicon wafer with the semiconductor 
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chip 5. Input and output pads of the semiconductor 
chip 5 hold thereon the first electrically conductive 
joints- 7 of gold bumps respectively. 

The electrical circuit element 6 may include 
5 a transistor, diode, resistance, inductor, capacitor, 
crystal oscillator, filter, balun, antenna, a circuit 
module (for example, VCO, PLL or electric source 
regulator), and/or an interface connector. 

The second electrically conductive joint 8 

10 may be an electrically conductive paste, anisotropic 
electrically conductive adhesive or solder. 

Since the first and second electrically 
conductive layers 1 and 3 and the first and second 
electrically insulating layers 2 and 4 support the 

15 semiconductor chip 5 and the electrical circuit element 
6 in the semiconductor module lA, a thickness of the 
semiconductor module lA may be small. Since the first 
and second electrically conductive layers 1 and 3 are 
formed by the plating process, the first and second 

20 electrically conductive layers 1 and 3 can have a fine 
arrangement. Since the first and second electrically 
conductive layers 1 and 3 are stacked in a thickness 
direction of the semiconductor module lA, an area of 
the first and second electrically conductive layers 1 

25 and 3 as seen in the thickness direction of the 
semiconductor module lA can be decreased, 
(second embodiment of semiconductor module) 

A semiconductor module IB has, as shown in 



Fig. 2, a first electrically insulating layer 13, the 
first electrically conductive (metallic) layer 1, a 
second electrically insulating layer 14, the second 
electrically conductive (metallic) layer 3, the 
electrically conductive connection 3a connecting 
electrically the first and second electrically 
conductive layers 1 and 3 to each other, a third 
electrically insulating layer 15, the semiconductor (IC 
or LSI) chip 5, the electrical circuit element 6, the 
first electrically conductive joint 7 connecting 
electrically the second electrically conductive layer 3 
and semiconductor chip 5 to each other, the second 
electrically conductive joint 8 connecting electrically 
the second electrically conductive layer 3 and 
electrical circuit element 6 to each other, the 
monolithically extending molding resin 9 covering the 
semiconductor chip 5, electrical circuit element 6, 
first electrically conductive joint 7 and second 
electrically conductive joint 8 to be hermetically 
sealed, the Nickel (or metallic) layer 10 extending on 
the part of the surface of the first electrically 
conductive layer 1, the resin protecting layer 11 
covering the first electrically insulating layer 13 and 
the region of the surface of the first electrically 
conductive layer 1 other than the part of the surface 
of the first electrically conductive layer 1, and the 
exterior terminals 12 (preferably formed of solder) 
contacting the Nickel layer 10 for correctly forming 



the exterior terminals 12 thereon. 

The electrically conductive connection 3a 
extends through a first opening 14a of the second 
electrically insulating layer 14 to connect elec- 
5 trically the first and second electrically conductive 
layers 1 and 3 to each other. The first and second 
electrically conductive joints 7 and 8 extend though 
second openings 15a of the third electrically 
insulating layer 15 to connect electrically the second 

10 electrically conductive layer 3 to the semiconductor 
chip 5 and electrical circuit element 6. 

An electrically insulating resin forming the 
first electrically insulating layer 13 may be different 
from an electrically insulating resin forming the 

15 second and third electrically insulating layers 14 and 
15, or identical with the electrically insulating resin 
forming the second and third electrically insulating 
layers 14 and 15. Parts of surfaces of the first 
electrically insulating layer 13 and the first elec- 

20 trically conductive layer 1 extend along a common flat 
face, as parts of surfaces of the first electrically 
conductive layer 1 and the first electrically 
insulating layer 2 extend along a common flat face, 
(third embodiment of semiconductor module) 

25 A semiconductor module IC has, as shown in 

Fig. 3, an electrically conductive (metallic) layer 16, 
an electrically insulating layer 17, the semiconductor 
(IC or LSI) chip 5, the electrical circuit element 6, 



the first electrically conductive joint 7 connecting 
electrically the electrically conductive layer 16 and 
semiconductor chip 5 to each other, the second 
electrically conductive joint 8 connecting electrically 
the electrically conductive layer 16 and electrical 
circuit element 6 to each other, the monolithically 
extending molding resin 9 covering the semiconductor 
chip 5, electrical circuit element 6, first electrical- 
ly conductive joint 7 and second electrically con- 
ductive joint 8 to be hermetically sealed, the Nickel 
(or metallic) layer 10 extending on a part of a surface 
of the electrically conductive layer 16, the resin 
protecting layer 11 covering a region of the surface of 
the electrically conductive layer 16 other than the 
part of the surface of the electrically conductive 
layer 16, and the exterior terminals 12 (preferably 
formed of solder) contacting the Nickel layer 10 for 
correctly forming the exterior terminals 12 thereon. 

The first and second electrically conductive 
joints 7 and 8 extend though openings 17a of the 
electrically insulating layer 17 to connect electrical- 
ly the electrically conductive layer 16 to the semi- 
conductor chip 5 and electrical circuit element 6. 
Parts of surfaces of the electrically insulating layer 
17 and the electrically conductive layer 16 extend 
along a common flat face. 

(fourth embodiment of semiconductor module) 

A semiconductor module ID has, as shown in 



Fig. 4, the first electrically insulating layer 13, an 
electrically conductive (metallic) layer 16, a second 
electrically insulating layer 17, the semiconductor (IC 
or LSI) chip 5, the electrical circuit element 6, the 
5 first electrically conductive joint 7 connecting 

electrically the electrically conductive layer 16 and 
semiconductor chip 5 to each other, the second elec- 
trically conductive joint 8 connecting electrically the 
electrically conductive layer 16 and electrical circuit 

10 element 6 to each other, the monolithically extending 
molding resin 9 covering the semiconductor chip 5, 
electrical circuit element 6, first electrically 
conductive joint 7 and second electrically conductive 
joint 8 to be hermetically sealed, the Nickel (or 

15 metallic) layer 10 extending on the part of the surface 
of the electrically conductive layer 16, the resin 
protecting layer 11 covering the electrically 
insulating layer 13 and the region of the surface of 
the electrically conductive layer 16 other than the 

20 part of the surface of the electrically conductive 
layer 16, and the exterior terminals 12 (preferably 
formed of solder) contacting the Nickel layer 10 for 
correctly forming the exterior terminals 12 thereon. 

An electrically insulating resin forming the 

25 first electrically insulating layer 13 may be different 
from an electrically insulating resin forming the 
second electrically insulating layer 16, or identical 
with the electrically insulating resin forming the 



second electrically insulating layer 16. Parts of 
surfaces of the first electrically insulating layer 13 
and the electrically conductive layer 16 extend along a 
common flat face. The first and second electrically 
conductive joints 7 and 8 extend though openings 17a of 
the second electrically insulating layer 17 to connect 
electrically the electrically conductive layer 16 to 
the semiconductor chip 5 and electrical circuit element 
6. 

(fifth embodiment of semiconductor module) 

A semiconductor module IE may have, as shown 
in Figs. 5a-5c, the semiconductor chip 5 and the eight 
electrical circuit elements 6. 

(sixth embodiment of semiconductor module) 

A semiconductor module IF may have, as shown 
in Figs. 6a and 6b, the semiconductor chip 5, the eight 
electrical circuit elements 6, an interface connector 
21 with one terminal and another interface connector 22 
with 32 terminals. 

(seventh embodiment of semiconductor module) 

A semiconductor module IG may have, as shown 
in Figs. 7a and 7b, the semiconductor chip 5, the eight 
electrical circuit elements 6, the another interface 
connector 22 with 32 terminals, and a chip antenna 23. 
(eighth embodiment of semiconductor module) 

A semiconductor module IH may have, as shown 
in Figs. 8a and 8b, the semiconductor chip 5, the eight 
electrical circuit elements 6, the another interface 
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connector 22 with 32 terminals, and F-shaped flat 
antennas (inductive and capacitive lines) 24 extending 
respectively along planes on which the first and 
second electrically conductive layers 1 and 3 extend 
5 respectively. 

(ninth embodiment of semiconductor module) 

A semiconductor module II may have, as shown 
in Fig. 9, a metallic coating film 25 on the molding 
resin 9 for shielding the semiconductor chip 5 and 
10 eight electrical circuit elements 6 from a high- 
frequency noise. 

(tenth embodiment of semiconductor module) 

A semiconductor module IJ may have, as shown 
in Figs. 10a and 10b, the metallic coating film 25 on 
15 the molding resin 9 and the protecting layer 11 for 

shielding the semiconductor chip 5 and eight electrical 
circuit elements 6 from the high-frequency noise. 

If the semiconductor module includes the 
antenna 23 or 24, the metallic coating film 25 is 
20 prevented from covering the antenna 23 or 24. 
(eleventh embodiment of semiconductor module) 

As shown in Figs. 11 and 12a, in a semi- 
conductor module IK, the Nickel (or metallic) layer 10 
may extend on parts of a surface of the electrically 
25 insulating layer 13 and an electrically conductive 
connection la extending along a common flat face to 
enlarge an electrically conductive area of the Nickel 
layer 10 capable of contacting the exterior terminals 



12. The electrically conductive connection la extends 
through an opening 13a of the electrically insulating 
layer 13 to connect electrically the electrically 
conductive layer 1 through the Nickel layer 10 to the 
exterior terminals 12 contacting the Nickel layer 10. 
As shown in Figs. 12b-12e, a Nickel (or metallic) layer 
10a may extend on a region of the surface of the 
electrically insulating layer 13 other than the parts 
of the surface of the electrically insulating layer 13 
while the Nickel layer 10a is prevented from being 
electrically connected to the electrically conductive 
connection la. 

If the Nickel layer 10a is prevented from 
extending at least partially to an outer periphery of 
the electrically insulating layer 13, as shown in Figs. 
12c-12e, an electric connection through the Nickel 
layer 10a between the semiconductor modules adjacent to 
each other is restrained. If the semiconductor module 
includes the antenna 23 or 24, the Nickel layer 10a is 
prevented from covering the antenna 23 or 24. The 
Nickel layer 10a shields the semiconductor chip 5 and 
electrical circuit element 6 from the high-frequency 
noise . 

(first embodiment of semiconductor module producing 
method) 

A proceeding in a semiconductor module 
producing method is shown in Figs. 13 and 14. At first 
step, as shown in part (a) of Fig, 13, a temporary or 



removable substrate 32 of stainless-steel is plated 
with Nickel or Nickel-base-alloy to form a Nickel layer 
31 of 10 jim thickness on the temporary substrate 32 of 
0.3 mm thickness. 

Subsequently, as shown in part (b) of Fig. 
13, the first electrically conductive layer 1 of 
desirable electrical wiring pattern is formed on the 
Nickel layer 31, by coating a surface of the Nickel 
layer 31 with a photoresist, exposing the photoresist 
through a mask corresponding to the desirable 
electrical wiring pattern of the first electrically 
conductive layer 1, developing the photoresist by 
removing a part of the photoresist not cured to form a 
surface region on which the first electrically 
conductive layer 1 should be formed, plating the Nickel 
layer 31 with Copper or Copper-base-alloy while 
supplying an electric power for the plating to the 
Nickel layer 31, and removing another cured part of the 
photoresist together with the Copper or Copper-base- 
alloy thereon. 

Subsequently, as shown in part (c) of Fig. 
13, the first electrically insulating layer 2 with 
openings 2a therethrough is formed on the Nickel layer 
31 and the first electrically conductive layer 1, by 
coating a surface of the Nickel layer 31 and first 
electrically conductive layer 1 with a photosensitive 
electrically insulating resin, exposing the photo- 
sensitive electrically insulating resin through another 
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mask corresponding to a desirable pattern of the first 
electrically insulating layer 2 with the openings 2a, 
and developing the photosensitive electrically 
insulating resin by removing a part of the photo- 
sensitive electrically insulating resin not cured to 
form the openings 2a surrounded by the cured part of 
the photosensitive electrically insulating resin as the 
first electrically insulating layer 2. In this 
arrangement, if the semiconductor chip 5 and electrical 
circuit element 6 are mounted on the first electrically 
insulating layer 2 and connected electrically to the 
first electrically conductive layer 1 through the first 
electrically conductive joint 7 and second electrically 
conductive joint 8, and the semiconductor chip 5, 
electrical circuit element 6, first electrically 
conductive joint 7 and second electrically conductive 
joint 8 are covered by the monolithically extending 
molding resin 9, the third embodiment of semiconductor 
module is formed. 

Subsequently, as shown in part (d) of Fig. 
13, the second electrically conductive layer 3 of 
desirable electrical wiring pattern is formed on the 
first electrically insulating layer 2 and the 
electrically conductive connection 3a is formed on the 
first electrically conductive layer 1 through the 
openings 2a, by coating the first electrically 
insulating layer 2, the first electrically conductive 
layer 1 in the openings 2a and the openings 2a with 



Copper or Copper-base-alloy through sputtering process, 
removing partially by etching the Copper or Copper- 
base-alloy formed through sputtering process to leave 
the desirable electrical wiring pattern thereof, and 
subsequently plating a left region of Copper or Copper- 
base-alloy of the desirable electrical wiring pattern 
on the first electrically insulating layer 2, the first 
electrically conductive layer 1 in the openings 2a and 
the openings 2a with Copper or Copper-base-alloy while 
supplying an electric power for the plating to the 
Copper or Copper-base-alloy coating made by the 
sputtering process. 

Subsequently, as shown in part (e) of Fig. 
13, the second electrically insulating layer 4 with the 
openings 4a therethrough is formed on the second 
electrically conductive layer 3, the electrically 
conductive connection 3a and the first electrically 
insulating layer 2, by coating a surface of the second 
electrically conductive layer 3, the electrically 
conductive connection 3a and the first electrically 
insulating layer 2 with a photosensitive electrically 
insulating resin, exposing the photosensitive 
electrically insulating resin through another mask 
corresponding to a desirable pattern of the second 
electrically insulating layer 4 with the openings 4a, 
and developing the photosensitive electrically 
insulating resin by removing a part of the photo- 
sensitive electrically insulating resin not cured to 



form the openings 4a surrounded by the cured part of 
the photosensitive electrically insulating resin as the 
second electrically insulating layer 4. The flat 
antennas 24 may be formed simultaneously with forming 
the first and second electrically conductive layer 1 
and 3 . 

Subsequently, as shown in part (a) of Fig. 
14, the second electrically conductive layer 3 is 
electrically connected to the semiconductor chip 5 by 
inserting the gold bumps 7 of the semiconductor chip 5 
into the openings 4a, and heating the gold bumps 7 
while generating a compression force between the second 
electrically conductive layer 3 and the semiconductor 
chip 5, and is electrically connected to the electrical 
circuit element 6 by inserting the solder 8 between the 
openings 4a and terminals of the electrical circuit 
element 6 and heating the solder 8. 

Subsequently, as shown in part (b) of Fig. 
14, the semiconductor chip 5, electrical circuit 
element 6, first electrically conductive joint 7 and 
second electrically conductive joint 8 are covered by 
the molding resin 9 to be hermetically sealed. 

Subsequently, as shown in part (c) of Fig. 
14, the Nickel layer 31 is removed from the temporary 
substrate 32 to be exposed. 

Subsequently, as shown in part (d) of Fig. 
14, the Nickel layer 31 is partially removed to leave 
the Nickel layer 10 on the first electrically 



conductive layer 1, by coating the Nickel layer 31 with 
the photoresist, exposing the photoresist through a 
mask corresponding to a desirable pattern of the Nickel 
layer 10 to be left, developing the photoresist by 
removing a not-cured part of the photoresist, removing 
through etching the Nickel layer 31 exposed by removing 
the not-cured part of the photoresist to form the 
Nickel layer 10, and removing a cured part of the 
photoresist on the left Nickel layer 10. A region of 
the first electrically conductive layer 1 and first 
electrically insulating layer 2 which is not covered by 
the Nickel layer 10 is covered by the protecting layer 
11. 

As shown in Fig. 15, it is preferable for the 
thickness of the Nickel layer 31 to be 5-20 fim when the 
thickness of the temporary substrate 32 is 0.3 mm. 

If an adhering strength between the first 
electrically conductive layer 1 and first electrically 
insulating layer 2 is significantly great, the Nickel 
layer 31 may be eliminated. The metallic coating film 
25 may be formed on the molding resin 9 and/or the 
protecting layer 11 by sputtering or the like. 

A plurality of the semiconductor modules may 
be formed on the temporary substrate 32, and the 
semiconductor modules may be separated from each other 
after the semiconductor modules are covered mono- 
lithically by forming the protecting layer 11 on the 
semiconductor modules. In this case, as shown in Fig. 



16, it is preferable for the Nickel layer 31 to be 
removed from a surface region (including a cutting line 
denoted by an alternate short and long dash line) of 
the electrically conductive layer and/or electrically 
insulating layer at which surface region the 
semiconductor modules are separated from each other, so 
that the Nickel layer 31 is prevented from being cut 
when the semiconductor modules are separated from each 
other . 

(second embodiment of semiconductor module producing 
method) 

A proceeding in a semiconductor module 
producing method is shown in Fig. 17. At first step, 
as shown in part (a) of Fig. 17, the temporary 
substrate 32 of stainless-steel is plated with Nickel 
or Nickel-base-alloy to form the Nickel layer 31 of 10 
^m thickness on the temporary substrate 32 of 0.3 mm 
thickness . 

Subsequently, as shown in part (b) of Fig. 
17, the first electrically insulating layer 13 with the 
openings 13a therethrough is formed on the Nickel layer 
31, by coating the surface of the Nickel layer 31 with 
the photosensitive electrically insulating resin, 
exposing the photosensitive electrically insulating 
resin through a mask corresponding to a desirable 
pattern of the first electrically insulating layer 13 
with the openings 13a, and developing the photo- 
sensitive electrically insulating resin by removing a 



not cured part of the photosensitive electrically 
insulating resin to form the openings 13a surrounded by 
the cured part of the photosensitive electrically 
insulating resin as the first electrically insulating 
layer 13. 

Subsequently, as shown in part (c) of Fig. 
17, the first electrically conductive layer 1 is formed 
in the openings 13a on the Nickel layer 31, by plating 
a surface region of the Nickel layer 31 exposed by the 
openings 13a with Copper or Copper-base-alloy while 
supplying the electric power for the plating to the 
Nickel layer 31. Another surface region of the Nickel 
layer 31 covered by the first electrically insulating 
layer 13 is prevented from being plated. 

Subsequently, as shown in part (d) of Fig. 
17, the second electrically insulating layer 14 with 
the openings 14a therethrough is formed on the first 
electrically conductive layer 1 and the first 
electrically insulating layer 13, by coating a surface 
of the first electrically conductive layer 1 and the 
first electrically insulating layer 13 with the 
photosensitive electrically insulating resin, exposing 
the photosensitive electrically insulating resin 
through another mask corresponding to a desirable 
pattern of the second electrically insulating layer 14 
with the openings 14a, and developing the 
photosensitive electrically insulating resin by 
removing a part of the photosensitive electrically 



insulating resin not cured to form the openings 14a 
surrounded by the cured part of the photosensitive 
electrically insulating resin as the second elec- 
trically insulating layer 14. In this arrangement, if 
5 the semiconductor chip 5 and electrical circuit element 
6 are mounted on the first electrically insulating 
layer 13 and connected electrically to the first 
electrically conductive layer 1 through the first 
electrically conductive joint 7 and second electrically 
10 conductive joint 8, and the semiconductor chip 5, 
electrical circuit element 6, first electrically 
conductive joint 7 and second electrically conductive 
joint 8 are covered by the monolithically extending 
molding resin 9, the fourth embodiment of semiconductor 
15 module is formed. 

Subsequently, as shown in part (e) of Fig. 
17, the second electrically conductive layer 3 of 
desirable electrical wiring pattern is formed on the 
second electrically insulating layer 14 and the 
20 electrically conductive connection 3a is formed on the 
first electrically conductive layer 1 through the 
openings 14a, by coating the second electrically 
insulating layer 14, the first electrically conductive 
layer 1 in the openings 14a and the openings 14a with 
25 Copper or Copper-base-alloy through sputtering process, 
removing partially by etching the Copper or Copper- 
base-alloy formed through sputtering process to leave 
the desirable electrical wiring pattern thereof, and 



subsequently plating a left region of Copper or Copper- 
base-alloy of the desirable electrical wiring pattern 
on the second electrically insulating layer 14, the 
first electrically conductive layer 1 in the openings 
14a and the openings 14a with Copper or Copper-base- 
alloy while supplying the electric power for the 
plating to the Copper or Copper-base-alloy coating made 
by the sputtering process. 

Subsequently, as shown in part (f) of Fig. 
17, the third electrically insulating layer 15 with the 
openings 15a therethrough is formed on the second 
electrically conductive layer 3, the electrically 
conductive connection 3a and the second electrically 
insulating layer 14, by coating a surface of the second 
electrically conductive layer 3, the electrically 
conductive connection 3a and the second electrically 
insulating layer 14 with the photosensitive elec- 
trically insulating resin, exposing the photosensitive 
electrically insulating resin through another mask 
corresponding to a desirable pattern of the third 
electrically insulating layer 15 with the openings 15a, 
and developing the photosensitive electrically 
insulating resin by removing a part of the photo- 
sensitive electrically insulating resin not cured to 
form the openings 15a surrounded by the cured part of 
the photosensitive electrically insulating resin as the 
third electrically insulating layer 15. 
(third embodiment of semiconductor module producing 



method) 

A proceeding in a semiconductor module 
producing method is shown in Figs. 18 and 19. At first 
step, as shown in part (a) of Fig. 18, the temporary 
5 substrate 32 of stainless-steel is plated with Nickel 
or Nickel-base-alloy to form the Nickel layer 31 of 10 
fzm thickness on the temporary substrate 32 of 0.3 mm 
thickness. Subsequently, as shown in part (b) of Fig. 
18, the first electrically insulating layer 13 with the 

10 openings 13a therethrough is formed on the Nickel layer 
31, by coating the surface of the Nickel layer 31 with 
the photosensitive electrically insulating resin, 
exposing the photosensitive electrically insulating 
resin through a mask corresponding to a desirable 

15 pattern of the first electrically insulating layer 13 
with the openings 13a, and developing the photo- 
sensitive electrically insulating resin by removing a 
not cured part of the photosensitive electrically 
insulating resin to form the openings 13a surrounded by 

20 the cured part of the photosensitive electrically 

insulating resin as the first electrically insulating 
layer 13. 

Subsequently, as shown in part (c) of Fig. 
18, the first electrically conductive layer 1 of the 
25 desirable electrical wiring pattern is formed in the 
openings 13a, on the Nickel layer 31 and on the first 
electrically insulating layer 13, by coating by 
sputtering a surface region of the Nickel layer 31 



exposed by the openings 13a, a surface of the first 
electrically insulating layer 13 and a surface of 
the openings 13a with Copper-Chrome-base-alloy 
(alternatively. Copper, Copper-base-alloy or the like) , 
5 coating the Copper-Chrome-base-alloy film with the 
photoresist, exposing the photoresist through a mask 
corresponding to the first electrically conductive 
layer 1 of the desirable electrical wiring pattern, 
developing the photoresist by removing a not-cured part 

10 of the photoresist to expose a part of the Copper- 
Chrome-base-alloy film, plating with Copper or Copper- 
base-alloy the exposed part of the Copper-Chrome-base- 
alloy film while supplying the electric power for the 
plating to the Copper-Chrome-base-alloy film, and 

15 removing the cured part of the photoresist and an 

exposed part of the Copper-Chrome-base-alloy film under 
the cured part of the photoresist. 

Subsequently, as shown in part (d) of Fig. 
18, the second electrically insulating layer 14 with 

20 the openings 14a therethrough is formed on the first 
electrically conductive layer 1 and the first elec- 
trically insulating layer 13, by coating a surface of 
the first electrically conductive layer 1 and the first 
electrically insulating layer 13 with the photo- 

25 sensitive electrically insulating resin, exposing the 
photosensitive electrically insulating resin through 
another mask corresponding to a desirable pattern of 
the second electrically insulating layer 14 with the 



openings 14a, and developing the photosensitive elec- 
trically insulating resin by removing a part of the 
photosensitive electrically insulating resin not cured 
to form the openings 14a surrounded by the cured part 
5 of the photosensitive electrically insulating resin as 
the second electrically insulating layer 14. In this 
arrangement, if the semiconductor chip 5 and electrical 
circuit element 6 are mounted on the first electrically 
insulating layer 13 and connected electrically to the 

10 first electrically conductive layer 1 through the first 
electrically conductive joint 7 and second electrically 
conductive joint 8, and the semiconductor chip 5, 
electrical circuit element 6, first electrically 
conductive joint 7 and second electrically conductive 

15 joint 8 are covered by the monolithically extending 

molding resin 9, the fourth embodiment of semiconductor 
module is formed. 

Subsequently, as shown in part (e) of Fig. 
18, the second electrically conductive layer 3 of 

20 desirable electrical wiring pattern is formed on the 
second electrically insulating layer 14 and the 
electrically conductive connection 3a is formed on the 
first electrically conductive layer 1 through the 
openings 14a, by coating by sputtering a surface region 

25 of the first electrically conductive layer 1 exposed by 
the openings 14a, a surface of the second electrically 
insulating layer 14 and a surface of the openings 14a 
with the Copper-Chrome-base-alloy, coating the Copper- 
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Chrome-base-alloy film with the photoresist, exposing 
the photoresist through a mask corresponding to the 
second electrically conductive layer 3 of desirable 
electrical wiring pattern, developing the photoresist 
by removing a not-cured part of the photoresist to 
expose a part of the Copper-Chrome-base-alloy film, 
plating with the Copper or Copper-base-alloy the 
exposed part of the Copper-Chrome-base-alloy film while 
supplying the electric power for the plating to the 
Copper-Chrome-base-alloy film, and removing the cured 
part of the photoresist and an exposed part of the 
Copper-Chrome-base-alloy film under the cured part of 
the photoresist. 

Subsequently, as shown in part (f) of Fig. 
18, the third electrically insulating layer 15 with the 
openings 15a therethrough is formed on the second 
electrically conductive layer 3, the electrically 
conductive connection 3a and the second electrically 
insulating layer 14, by coating a surface of the second 
electrically conductive layer 3, the electrically 
conductive connection 3a and the second electrically 
insulating layer 14 with the photosensitive 
electrically insulating resin, exposing the 
photosensitive electrically insulating resin through 
another mask corresponding to a desirable pattern of 
the third electrically insulating layer 15 with the 
openings 15a, and developing the photosensitive 
electrically insulating resin by removing a part of the 



photosensitive electrically insulating resin not cured 
to form the openings 15a surrounded by the cured part 
of the photosensitive electrically insulating resin as 
the third electrically insulating layer 15. 

Subsequently, as shown in part (a) of Fig. 
19, the second electrically conductive layer 3 is 
electrically connected to the semiconductor chip 5 by 
inserting the gold bumps 7 of the semiconductor chip 5 
into the openings 4a, and heating the gold bumps 7 
while generating a compression force between the second 
electrically conductive layer 3 and the semiconductor 
chip 5, and is electrically connected to the electrical 
circuit element 6 by inserting the solder 8 between the 
openings 4a and terminals of the electrical circuit 
element 6 and heating the solder 8. 

Subsequently, as shown in part (b) of Fig. 
19, the semiconductor chip 5, electrical circuit 
element 6, first electrically conductive joint 7 and 
second electrically conductive joint 8 are covered by 
the molding resin 9 to be hermetically sealed. 

Subsequently, as shown in part (c) of Fig. 
19, the Nickel layer 31 is removed from the temporary 
substrate 32 to be exposed. 

Subsequently, as shown in part (d) of Fig. 
19, the Nickel layer 31 is partially removed to leave 
the Nickel layers 10 and 10a on the first electrically 
conductive layer 1 and the first electrically insulat- 
ing layer 13, by coating the Nickel layer 31 with the 



photoresist, exposing the photoresist through a mask 
corresponding to a desirable pattern of the Nickel 
layers 10 and 10a to be left, developing the 
photoresist by removing a not-cured part of the 
photoresist, removing through etching the Nickel layer 
31 exposed by removing the not-cured part of the 
photoresist to form the left Nickel layers 10 and 10a, 
and removing a cured part of the photoresist on the 
left Nickel layers 10 and 10a. Therefore, the eleventh 
embodiment of semiconductor module is formed. 



